In the present study, antibacterial activity of silver nanoparticles synthesized from stem of Tinospora cordifolia were analysed against multidrug-resistant strains of Pseudomonas aeruginosa isolated from burn patients. As Pseudomonas aeruginosa is a scourge of hospital burn units and its emergence as multidrug-resistant strains is a major problem in the control of nosocomial infections. Therefore, we tried to establish a combination of medicinal values of Tinospora cordifolia and nanotechnology possibly with the field of medicine for the development of antibacterial agents against these MDR strains.The synthesized silver nanopartides were characterized by UV-visible spectroscopy, Energy Dispersive Spectroscopy and Fourier Transform Infrared Spectroscopy. Transmission Electron Microscopy and X-Ray Diffraction have revealed the size of silver nanoparticles 9 ± 36 nm and 12.49 nm respectively. Further antibacterial activity of silver nanoparticles prepared from Tinospora cordifolia against multidrug resistant strains was determined by agar well diffusion assay and Minimum Inhibitory Concentration (MIC) was estimated by qualitative experimentation by resazunn based micro broth dilution method. All experiments were done in triplicate. The silver nanoparticles of stem of Tinospora cordifolia showed the zone of inhibition ranges from 10 ± 0.58 to 21 ± 0.25mm. The MIC of AgNPs from stem extract was found to be 6.25 to 200 pg/ml against Pseudomonas aeruginosa strains. Silver nanoparticles from Tinospora cordifolia possess very good antibacterial activity which makes them a potent source of antibacterial agent.
Introduction
Pseudomonas aeruginosa is an opportunistic pathogen capable of causing nosocomial infections. Patients with burns are at extraordinary risk of acquiring P. aeruginosa infection of the burn wound with subsequent septicaemia and death because burn injury disrupts both the normal skin barrier and many of the systemic host defence mechanisms, which makes skin susceptible to microbial colonization resulting in development of burn wound sepsis [lj. Also P.aeruginosa is a scourge of hospital burn units j2], This is also justified by various studies 13,4 j. P. aeruginosa is naturally resistant to a significant number ot antimicrobials and this resistance of P. aeruginosa to commonly used therapeutic agents has increased in recent years [5] , In case of burn patients, the burned skin remains vulnerable to invasive microbial infections ot all kinds until complete epithelial repair has occurred. Microbial drug resistant is emerged as a major problem in health care industry as microbes involve in the change of their metabolism and genetic structure to acquire resistant against the drugs used in the treatment of infectious disease. MDR can be defined as resistance to at least four classes of antibiotics used during treatment of these infections. Emergence of MDR strains is often may due to selective pressure of antimicrobial therapy [5] .
These drug resistant pathogens arc more pathogenic with high mortality rate than that of wild strain. To overcome microbial drug resistant, scientists are looking forward for the development of alternative and novel drugs. Nanotechnology is expected to open some new aspects to tight and prevent diseases using atomic scale tailoring of materials [6J. Nanotechnology is currently employed as a tool to explore the darkest avenues of medical sciences because silver nanoparticles have been well known for its strong inhibitory and bactericidal effects and can effectively used for ihe treatment of various infectious diseases [7] , Therefore antimicrobial silver is now used extensively to combat organisms in wounds and burns. It works because pathogens cannot mutate to avoid the antimicrobial effect of silver. The importance of silver ions has been also found in the treatment of burn wound by various researchers who studied the antimicrobial properties of silver nanopartides against virulent pathogens. The effect of the nanoparticles was found to be significantly more pronounced on MDR strains [6] ,
In the way of nanotechnology, many researchers demonstrated the green synthesis of silver nanopartides including bacteria, actinomycetes, fungi and plants. The plant materials have been successfully used for silver nanopartides synthesis, due to their potential medicinal property, huge availability, faster rate of synthesis [8, 9] , Tinospora cordifolia, an important medicinal plant,is a diploid (2n=22), deciduous climbing shrub belonging to family Menispermaceae. In ancient traditional Ayurvedic system of India, it is a constituent of several remediation used for various treatment such as general debility, dyspepsia and urinary diseases [10] , So keeping in view the advantage of silver nanopartides synthesized from medicinal plants, our study is based on the synthesis of silver nanopartides from T. cordifolia and checked its antibacterial activity against MDR strains of P. aeruginosa.
Antibacterial assay of silver nanoparticles
Preparation of test samples: 4 Test samples of the AgNPs were prepared in DMSO (Dimethyl Sulfoxide). The concentration ranges from 12.5-200 pg/ml i.e. 12.5, 25, 50, 100, and 200 pg/ml.
Antimicrobial bioassay:
The antimicrobial activities were determined by modified agar well diffusion assay [15] . Under aseptic conditions, in to the Bio safety chamber, 20 ml of MHA medium was dispensed in to pre-sterilized petridishes. Once the media solidifies it was then inoculated with micro-organism suspended in peptone water. The media was then punched with 6mm diameter hole and filled with different dilutions (varying from 2.5 to 20 pi) of AgNPs extract from stock of 20 mg/ml. Streptomycin discs for bacteria (10 pg/disc) were used as positive controls and DMSO was used as a negative control. Finally, the petridishes were incubated for 24 hours at 37"C. The diameter of zone of inhibition as indicated by clear area which was devoid of growth of microbes was measured. Each experiment was done in triplicate.
Minimum inhibitory concentration method (MIC)
This method is based on a micro broth dilution method in 96 multi-well microlitre plates with slight modifications [ 16|. Qualitative experimentation by resazurtn indication solution prepared by dissolving a 270 mg tablet in 40 ml of sterile distilled water. Indicator resazurin of purple color reduced in the presence of living bacteria. Color change from purple to pink or to colorless. In the absence of living bacteria the color of the indicator were remain purple. The lowest cone, at which color change occurred was taken as MIC.
Result and Discussion

Synthesis of AgNPs
The green synthesis of silver nanoparticles through plant extracts were carried out. On mixing the plant extract of 7. cordifolia with silver nitrate solution (ImM), a change in the colour from pale yellow to dark brown was observed ( Figure 1 ). Similar results were also reported by many researchers [17] [18] [19] . The brown colour confirms that it was due to the reduction of Ag* which indicates the formation of Ag nanoparticles. 
spectrum.
Different functional groups absorb characteristic frequencies ofIR radiation. Thus, IR spectroscope is an important and popular tool for structural elucidation and compound identification. Our observation confirms the presence of such compounds in the sample which coat covering the silver nanoparticles known as capping agents. FTIR analysis of AgNPs from stem of T. cordifolia has been shown in Figure  3 . FTIR showed the presence of bands due to O-H stretching due to (3,285cm ') vibration of the alcoholic compounds, aldehydic C-H stretch (2,916 and 2,849 cm '), C-O stretch (1,643cm1) arises from carbonyl group, N-O, C-C (1,361 and 1,337 cm ') and C-0 stretch (dialkyl) (1,149 cm '), C-N (1,077 cm1), C-H (761 cm1). Similar kind of results has been showed by many researchers too [18, 19] in FTIR analysis of AgNPs of T. cordifolia. 'ihis study gives the evidence of formation and stabilization of silver nanoparticles in the aqueous medium by using biological molecules.
TEM analysis: TEM confirmed the development of silver nanostructures and gave clear image of silver nanoparticles. We observed that the shapewas spherical and sizeof silver nanoparticles was 36 ± 9 nm synthesized from T. cordifolia (Figure 4 ).
EDX analysis:
EDX characterization has shown absorption of strong silver signal along with other elements, which may be originate from the biomolecules that are bound to the surface of nanosilver particles.From EDX spectra, shown in Figure 5 , it is clear that silver nanoparticles reduced by T. cordifolia.
XRD analysis:
The crystalline nature of the silver nanoparticles was carried out by XRD. The XRD pattern was ranging from five strong peaks were observed at 10.7, 11.15, 14.5, 7.03, 9,3, 11.2, 10.5, 23.8 and 14 .3that corresponds to the planes, which are indexed to the face centred cubic structures of silver nanoparticles. The synthesis of silver nanopart ides with sharp bands of Bragg peaks, and this might be due to the stabilization of the synthesized nanoparticles by the various reducing agents of the T.cordifolia, and thus provides the crystallization nature of the silver nanoparticles [22] , The mean size of silver nanoparticles was calculated using the Debye-Scherrer's equation. An average size of the silver nanoparticles synthesized by T. cordifolia was 12.49 nm with size ranging from 9.3 nm and 23.8 nm (Table 1) . XRD diffraction pattern of synthesized AgNPs of T. cordifolia was shown in Figure 6 .
Antibacterial activity of AgNPs against MDR strains of
P.aeruginosa
The inhibitory action of silver compounds and silver ions had been historically recognized and applied as a useful therapeutic agent for preventing wound infections. The inhibitory action of silver on bacterial cells is related to the strong interaction of silver with thiol groups present in key respiratory enzymes in bacteria [23] . Whereas, Nano crystalline silver shows the most effective inhibitory action with a rapid inhibition rate [24] , In the present study T. cordifolia was taken for synthesis of AgNPs because of its medicinal values. Various studies have been done by many researchers which confirm that T. cordifolia was found to be good antibacterial agentagainst pathogenic and non-pathogenic organisms [25] [26] [27] [28] . The antibacterial effects of the bio-synthesized silver nanoparticles from T. cordifolia were also successfully investigated [19, 29] , Also there are various reports which have been providing the evidences that silver nanoparticles were used as powerful tool against multidrug-resistant bacteria [30, 31] . Kora and Arunachalam [32] showed that silver nanoparticles synthesized by UV photo-reduction method are showing promising antibacterial activity on P. aeruginosa at much lower concentrations. As these above reports suggests that both silver nanoparticles and T. cordifolia plant extract have shown good amount of antibacterial activity. Durairai et al. [33] studied the antibacterial activity of purchased AgNPs (size 20-30nm) against 10 isolates of P. aeruginosa comprising of 5 MDR strains with an inhibition zone of 11 mm observed with 10 pg dose of the nanoparticles. The nanoparticles exhibited MIC of50 pg/ml when added at the lag phase and the sub inhibitoryconcentration was measured as 100 pg/ ml. In our experiment, when we compared the antibacterial activity of AgNPs and plant extract, it was found that silver AgNPs have shown more antibacterial activity than plant extracts. Our results clearly shows that the conventional plant extract showing some antibacterial activity but not much activity as AgNPs does against these MDR bacterial strains ( Table 1) , even taken in amountlO times more than AgNPs ( Figure SI) . It clearly indicates that these green AgNPs have shown considerable amount of activity than that of plant extract. Antibacterial activity of AgNPs significantly increases by more than 12-15% at very lower concentration i.e. almost 18 out of 20 strains have shown zone of inhibition comes at concentration of 4 mg/ ml in case of plant extract whilein case of AgNPs 200 ug/ml is the highest concentration we have used. Therefore we further proceeds only with the results of antibacterial activity of AgNPs.
Also if we use synthetic or purchased AgNPs then there may be a problem due to chemical agents used. So we synthesized AgNPs by plant extract of T. cordifolia which potentially eliminate the problem of chemical agents that may arise if we used any synthetic or chemically synthesized AgNPs, thus making nanoparticles biocompatible with the eco-friendly approach. The antibacterial efficacy of synthesized AgNPs enhances because the use of silver and T. cordifolia, as silver reduced in nano form which increases its surface area, thus make AgNPs more reactive and T. cordifolia enhances the therapeutic efficacy of AgNPs due to its good antibacterial efficacy. Therefore, in our study, AgNPs prepared by T. cordifolia were used for the development of antibacterial agents against MDR strains of P. aeruginosa.
We have checked the antibacterial activity of AgNPs by agar well diffusion method against twenty MDR strains of P. aeruginosa from burn patients. In our experiment, biosynthesized AgNPs showed excellent antibacterial activity against MDR strains of P. aeruginosa (Figure 7 ). Our results showed that AgNPs synthesized from 7'. cordifolia possess discrete antibacterial activity at different concentrations of 6.25-200 pg/mL ( Table 2 ). The zone of inhibition ranges from 10 + 0.58 to 21 T.cordifolia varies 6.25-100 pg/ml have been shown in Figure 8 , was found to be strongly inhibitory against MDR strains. MDR strain 19 and 20 showed the lowest value of MIC 6.25 pg/mL while MDRstrain 4 and 14 showed the highest value MIC 200 pg/mL. The antibacterial activity of AgNPs have depicted that as we increases the cone, of AgNPs the antibacterial activity against MDR strains of P aeruginosa increased parallely. The study revealed that high antibacterial activity was found against tested strains of P. aeruginosa at very low concentration of AgNPs (in pg/ml). Our resultsalso correlates with the work previously done by some researchers which studied the antibacterial effect of silver nanoparticles against Multi Drug Resistant strains of P. aeruginosa [6, 33] . Afreen et al. [6] synthesized AgNPs from a fungus, Rhizopussto lonifer and checked its efficacy against two MDR strains isolated from burn cases from hospitals at Gulbarga region, Karnataka, India. Whereas, our study emphasises thatuse of plant extract reduces the cost of micro-organism isolation and also reducing the complicated process of maintaining the cell culture over nanoparticles synthesis by microorganisms. Durairaj et al.
[33]studied the antibacterial activity of purchased AgNPs (size 20-30 nm) against 10 isolates of P. aeruginosa comprising of 5 MDR strains have shown significant antibacterial effect.
Moreover, when antibacterial activity of AgNPs synthesized from that plant extract was compared with the plant extract alone, it clearly shows that the conventional plant extract showing not much activity as AgNPs does against these MDR bacterial strains, even taken in amountlO times more than AgNPs ( Figure SI) . It clearly indicates that these green AgNPs have shown considerable amount of activity than that of plant extract. Antibacterial activity of AgNPs significantly increases by more than 12-15% i.e. zone of inhibition comes at concentration of mg/ml in case of plant extract and pg/ml in case of AgNPs. Therefore we further proceeds only with the results of antibacterial activity of AgNPs.Our method of synthesis of AgNPs was a simple, cost effective and eco-friendly method. The synthesized AgNPs of T. cordifolia from stem showed remarkable antibacterial activity against all the strains which makes them a potent source of antibacterial agent.
Conclusions
From the present study we conclude that even at very small concentration (in pg/ml) AgNPs from stem of T. cordifolia possess very good antibacterial activity which makes them a potent source of antibacterial agent against MDR strains of P. aeruginosa. Also, green synthesis of AgNPs can potentially eliminate the problem of chemical agents that may have adverse elfecls, thus making nanoparticles more compatible with the eco-friendly approach. Moreover the synthesized AgNPs enhance the therapeutic efficacy and strengthen the medicinal values of T. cordifolia. Hence, our results are promising and prove to be an important step in this direction as it decreases the burden of multidrug resistance in burn patients. alternative therapies to aid patients to recover from the in fections. In future, these alternatives may be useful in treating not only burn infections but other antibiotic re sistant infections as well. Nanotechnology provides a good platform to modify and develop the important properties of silver metal in the form of nanoparticles having promising applications as an antibacterial agent [3, 4] , Silver nanoparticles have high surface area to volume ratio and the unique chem ical, physical properties [5, 6] . Nowadays, they have been widely used as an effective bactericidal agent against broad spectrum of bacteria, including antibiotic resistant strains [7] , Hence, researchers are shifting towards nano particles in general and silver nanoparticles (AgNPs) in particular to solve the problem of emergence of MDR bacteria [8] . Also the development of biological ap proach for the synthesis of nanoparticles is evolving in to an important branch of nanotechnology [9, 10] . The biological method has advancement over chemical and physical method as it is cost effective and ecofriendly [11, 12] . Phyllanthus amarus is an important plant of In dian Ayurvedic system of medicine, belongs to the fam ily Euphorbiaceae. It is a small herb well known for its medicinal properties and has been used worldwide [13] .
This study aims to explore the efficacy of synthesized silver nanoparticles from P. amarus as a potent source of nanomedicine against MDR burn isolates of P. aeruginosa and establish the therapeutic antibacterial potential of plant with nanotechnology; thereby justify the folklore claim of the plant used in the traditional system of Indian medicine.
Results
Synthesis of AgNPs
The AgNPs were successfully synthesized using aqueous plant extract of P. amarus by mixing with silver nitrate solution (ImM). The colour changes from pale yellow to dark brown (Additional file 1: Figure SI ). This was ob served due to the reduction of Ag+ and it indicates the formation of AgNPs.
Characterization of Ag nanoparticles
The synthesis of AgNPs was confirmed by UV-VIS spectrophotometer (Shimadzu). The UV-VIS absorp tion spectra of the AgNPs were monitored in a range of 300-800 nm. A strong peak specific for the synthesis of silver nanoparticles was obtained at 420-430 nm. Additional file 2: Figure S2 shows the absorption spec tra of AgNPs synthesized by P. amarus. The TEM re sults ( Figure 1 ) showed that all synthesized AgNPs were spherical in shape with 24 ± 8 nm size and found to be well dispersed in aqueous medium. EDX characterization has shown absorption of strong silver signal along with other elements, which may be originated from the biomolecules that are bound to the surface of silver nano particles. EDX performed by energy and intensity distribu tions of X-ray signals generated by focused electron beam on a specimen. From EDX spectra, showed in Figure 2 , it is clear that silver nanoparticles reduced by P. amarus. Dynamic light scattering (DLS) technique and zeta po tential has been used to determine the size of particles and measure the potential stability of the particles in the colloidal suspension respectively. Figure 3 and Figure 4 have shown the DLS and zeta potential graph of AgNPs of P. amarus with an average size of 29.78 nm and the particles carry a charge of -11.9 mV respectively. Silver nanoparticles generally carry a negative charge. All silver nanoparticles synthesized from P. amarus showed nega tive charge and were stable at room temperature. The particle size and nature of AgNPs was determined by XRD. The mean particle diameter of AgNPs was calcu lated using the Debye-Scherrer's equation. An average size of the silver nanoparticles synthesized by P. amarus was 15.7 nm ( Figure 5 and Table 1 ). The FT-1R spectrum of AgNPs from P. amarus showed the characteristics absorbance bands ( Figure 6 ) due to aldehydic C-H stretch (2,915 and 2,848 cm'1), C-O stretch (1,634 cm '), N-H (1517 cm"1*' 1462 cm'1 N-O stretch (1,377 cm'1) and C-O stretch (dialkyl) (1,169 cm'1), C-N (1,037 cm1), C-H stretch (718 cm'1).
Antibacterial assay
The 15 multidrug resistant strains of P. aeruginosa iso lated from burn patients tested at various concentrations http://www.jnanobiotechnology.eom/content/12/l/40 Page 3 of 9 Figure S3 ) anti microbial activity against all the tested pathogens. The antibacterial activity is concentration dependent as it in creased with the concentration of AgNPs (Figure 7) . The zone of inhibition measured in a range of 10 ± 0.53 to 21 ±0.11 mm. MDR Strain 1 was found ( Figure 8 ) to be most susceptible where zone of inhibition ranged from 13+1 to 21 ±0.11 mm at AgNPs concentration of 12,5 to 100 pg/ml. MDR strain 10 was least susceptible with 10 ± 0.53 to 13 ± 0.41mm zone of inhibition.
Minimum Inhibitory Concentration (MIC)
The MIC of AgNPs from P. amarus against MDR strains of P. aeruginosa was 6.25-12.5 pg/ml. MDR strains 6, 10,12,13,14 and 15 showed the MIC values of 12.5 pg/ml. The remaining nine MDR strains have shown the MIC at 6.25 pg/ml ( Table 2 ) which is lower than standard antibiotic.
Discussion
The biosynthesis of nanoparticles has received consider able attention due to the growing need to develop envir onmentally benign technologies in material synthesis [14] . The phytochemicals derived from plant products serve as a prototype to develop less toxic and more ef fective medicines for controlling the growth of microorgan isms [15] . These compounds have significant therapeutic application against human pathogens. Numerous studies have been conducted with the extracts of various plants for screening of antimicrobial activity in search of new anti microbial compounds [16] . P. amarus was also reported to have antibacterial efficacy against some drug resistant patho genic bacterial strains [17] . But there are still limited studies regarding antibacterial activity of AgNPs from this plant The beauty of the present study is that AgNPs reduced by P. amarus were highly effective against MDR burn isolates of P. aeruginosa in term of novelty. We synthe sized AgNPs from P. amarus, which is easily available in rainy season, safe, non-toxic and have a variety of secondary metabolites that can help in the reduction of silver ions. The main mechanism considered for the process is plant-assisted reduction due to phytochemi cals. The main phytochemicals involved are terpenoids, flavones, ketones, aldehydes, amides, and carboxylic acids. Flavones, organic acids, and quinones are watersoluble phytochemicals that are responsible for the im mediate reduction of the ions [18] . Studies have revealed that P. amarus contain mainly phyllanthin, hypophyllanthin, phyltertralin and many more other phytochemi cals [19] . It was also suggested that the phytochemicals are involved directly in the reduction of the ions and for mation of silver nanoparticies [20] . Though the exact Intensity (cps) mechanism involved in each plant varies as due to the presence of different phytochemicals which are involved in the reduction of the ions leads to the synthesis of AgNPs. A strong peak was obtained at 420-430 nm showing the absorption spectra of AgNPs synthesized by P. amarus. Further EDX has shown absorption of strong silver signal along with other elements that are bound to the surface of silver nanoparticles. TEM, XRD, DLS revealed the size and zeta potential contrib uted towards the stability of AgNPs [21 j. FTIR confirms the presence of different functional groups absorb charac teristic frequencies of IR radiations [22] . The exact mechanism by which silver nanoparticles em ploy to cause antimicrobial effect is not clearly known.
However, there are various theories suggested about the action of AgNPs on microbes to cause the antimicrobial effect. The AgNPs have ability to anchor to the bacterial cell wall and subsequently penetrate it, thereby causing structural changes in the cell membrane like the perme ability of cell membrane and death of the cell. There is formation of 'pits' on the cell surface where accumulation of the nanoparticles takes place [23] . The formation of free radicals by AgNPs may be considered to be another mech anism by which the cells die [24, 25] . It has also been pro posed that there can be release of silver ions by the nanoparticles [26] , and these ions can interact with the thiol groups of many vital enzymes and inactivate them [27] , The bacterial cells in contact with silver absorb silver ions, which inhibit several functions in the cell and dam age the cells.
In recent years, due to the development of resistant strains, antibiotic resistance also has been increased. MDR P. aeruginosa strains from burn patients are caus ing serious infections and exhibit innate resistance to many antibiotics. These can develop new resistance after exposures to antimicrobial agents. Some antimicrobial agents are extremely irritant and toxic. The studies on drug resistant bacteria in this facet are still limited. Also AgNPs have gained insight as an excellent antimicrobial agent due to its non-toxic effect on human cells in its low concentration and weaker ability to develop resist ance towards silver ions [28] [29] [30] .
The various researchers showed that AgNPs of P. amarus were found to be good antibacterial agent. Humberto et al.
[31] showed the antibacterial activity of AgNPs against multidrug-resistant P. aeruginosa, £ coli, Streptococcus sp. and S. pyogens. Kathireshwari et al. [32] showed the anti microbial activity against multi drug resistant human pathogens from leaf mediated synthesis of AgNPs using Phyllanthus niruri. Durairaj et al.
[33] studied the antibac terial activity of purchased AgNPs (size 20-30 nm) against 10 isolates of P. aeruginosa comprising of 5 MDR strains with an inhibition zone of 11 mm observed withlO pg dose of the nanoparticles. In our results, AgNPs showed excellent antibacterial activity which is better than our previous study [34] , which showed the good antibacterial activity of AgNPs prepared using T. cordifolia aqueous ex tract against P. aeruginosa MDR strain from burn patient with maximum concentration of 200 pg/ml. However, there is vital need and much interest in finding ways to formulate new types of safe and cost-effective biocidal ma terials [22] , Therefore, in this study, we used different plant as biomaterial and evaluated its antibacterial effects. The synthesized AgNPs showed significant antibacterial activity at concentration of 12.5-100 pg/ml against MDR strains of P. aeruginosa isolates. The MIC of AgNPs was found to be in a range from 6.25-12.5 pg/ml, almost nine MDR strains have shown the MIC at 6.25 pg/ml which was lower than that of the standard antibiotic (10 pg). As infection of P. aeruginosa always remains one of the most challenging concerns in burn units and the synthesized AgNPs of P. amarus are highly effective antibacterial agent against these MDR burn isolates.
Conclusion
In conclusion, we have demonstrated that AgNPs from P. amarus exhibit excellent antibacterial potential against MDR P. aeruginosa strains isolated from burn patients. Therefore these AgNPs may act as ecofriendly antibacter ial agent against these nosocomial strains and can Zone of Inhibition (in mm) provides a potent alternative nanomedicine in the health care system to reduce the burden of multidrug resistance.
Material and methods
Synthesis of silver nanoparticles from plant extract
Preparation of the extract
The whole plant of Phyllanthus amarus was collected locally from Botanical Garden, M.D. University, Rohtak, Haryana, India. It was thoroughly washed in distilled water, cut into fine pieces. lOg of fresh plant material was boiled into 100 ml sterile distilled water for 10 mi nutes and filtered through Whatman's No.l filter paper. The extract was stored at 4°C for further experiments.
Synthesis of AgNPs from plant extract
For synthesis of AgNPs, the above plant extract of P. amarus was used and 15 ml of this extract was added to 200 ml of aqueous silver nitrate solution (ImM). This solution was kept for 20 minutes at 70°C {in water bath). The plant ex tract act as reducing as well as stabilizing agent in the so lution and leads to the formation of AgNPs.
Characterization of synthesized AgNPs
The seven different characterization techniques were used for AgNPs. At first, AgNPs were characterized by UV-VIS Spectroscopy using Shimadzu UV-V1S Spectro photometer. The scanning range for the samples was 300-800 nm. The double distilled water used as a blank reference. To remove any free biomass residue or com pound that is not the capping ligand of the nanoparticies, after complete reduction, silver nanoparticles were concentrated by repeated centrifugation (3 times) of the reaction mixture at 15,000rpm for 20 min. The super natant was replaced by distilled water each time. There after, the purified suspension was freeze dried to obtain dried powder. The shape and size of AgNPs was deter mined by transmission electron microscopy (TEM 
INTRODUCTION
The ability of a species to adapt to different environmental conditions resides in their genetic diversity. Thus, genetic diversity plays an important role in survival and adaptability of the species. Methods of evaluation of genetic diversity include phenotypic, biochemical and molecular markers [1] , Among these markers, molecular markers are not affected by environmental conditions, are found in the entire genome. They are widely used in studies of genetic diversity. Microsatellites, also referred to, as simple sequence repeats (SSRs), are tandem repeated sequences and comprise mono-, di-, tri-, tetra-, penta or hexa-nucleotide units. SSRs possess a large number of advantages, such as high information content, co dominance, locus specificity and easy detection as PCRbased molecular markers. These have become important tools to study genetic diversity, construct genetic maps and analyze evolutionary processes of plant species [2, 3] . Two different marker strategies have been used based on microsatellites; SSR and inter simple sequence repeat (ISSR).
ISSR is a general term for a genome region between microsatellite loci. The complementary sequences to two neighbouring microsatellites are used as PCR primers; the variable region between them gets amplified. Inter-Simple Sequence Repeats (ISSR) are widely used m genetic diversity studies as they need no prior DNA sequence information, development cost is low, and laboratory procedures can easily be transferred to any plant species [4, 5] , Traditional methods of developing Simple Sequence Repeats (SSR) markers are usually time-consuming and labour-intensive, but with the development of functional genomics, expressed sequence tag (EST)-SSR has become the latest aspect of SSR development. EST-SSR originates from transcribed regions of genomes, which may reflect information of specific genes. Consequently, EST databases have become an increasingly valuable resource for SSR marker or its development [6, 7, 8] , So far, the study of polymorphism, diversity and transferability of EST-SSRs has been performed in many plant species such as Citrus [9] , soyabean [10] , (atropha [11] , sorghum [12] etc.
Tinospora cordifotia is a diploid (2n=22), deciduous climbing shrub belonging to family Menispermaceae. According to ancient traditional Ayurvedic system of India, it is a constituent of several remediation used for various treatments such as general debility, dyspepsia and urinary diseases [13] . Detection of polymorphism in this plant, using the ISSR and EST-SSR are certainly better than other previously used marker systems (as best to our knowledge, this is the first study on EST-SSR and no one has used these two-marker systems simultaneously for estimation of genetic diversity in T. cordifolia). Hence, we report the development of EST SSR markers and an attempt was made to develop a better approach to analyze the genetic diversity of 24 different genotypes of T. cordifolia collected from the Northwest region of India by using the two marker systems l. e. ISSR and EST-SSR.
MATERIALS AND METHODS
Collection of different plant accessions of T. cordifolia & DNA Extraction:
A total of 24 different genotypes of T. cordifolia were collected from 8 different ecological sites of 3 climatic zones of Northwest India for the analysis of genetic diversity by ISSR and EST-SSR (Table 1) .
Primer designing for ISSR
A total number of 20 ISSR primers (Table 2) , synthesized from Sigma Aldrich.
Design of EST SSR:
A total of 500 T. cordifolia EST sequences were retrieved from NCBI database. For EST-SSR development, we analyzed all these sequences by tandem repeat finder. After pre processing, SSR containing sequences were identified by Gramene, SSRIT -Simple Sequence Repeat Identification Tool [15] . 20 primer pairs were successfully developed on the basis of following standard parameters by using primer3 software [16] (a) the target amplicon size of 200-900 bp, (b) the optimal annealing temperature to 52.8-60.1°C, (c) average GC content 45-60% and (d) the primer length at 18-24 bp. These 20 EST-SSR primers ( Table 3) were synthesized from Eurofins. 
PCR Amplification for ISSR and EST SSR
A total number of 20 ISSR primers and 20 EST-SSR primer pairs were screened using DNA samples. PCR amplification was performed in a thermo cycler (BioRad).
An initial denaturation period of 10 min at 94 ' -'C was followed by 44 cycles at 94 8C, 1 min at 33-539C, 2 min at 72 -C, and then 10 min at 72 QC for final extension. Reaction was carried out in a total volume S21 From the preliminary screening, primers that could amplify visible bands were selected for further examination. Different anneal temperature was examined to optimize the amplification condition for the selected primers. Eventually, primers that produced clear and reproducible bands were selected for the amplification of all samples The gel was photographed under UV light in a gel documentation system (Alpha lnnotech).
Data Analysis
The bands were scored using the binary scoring system that recorded the presence and absence of bands as 1 and 0, respectively. Typical bands scored were bright and well separated from other bands, and faint bands were not scored to avoid the scoring of artificial bands. Genetic similarity was calculated on the basis of (accard's similarity coefficient.
The resulting matrix of genetic similarity was used to construct the dendrogram through the unweighted pair group method with arithmetic mean (UPGMA) with the help of 'statistical package NTSYS-pc version 2.0.2e (17) .
The ISSR and EST SSR markers were characterized by using Marker Index (Ml), which is obtained by multiplying Polymorphic Information Content (PIC) and effective multiplex ratio (EMR).
PIC was calculating by using formula;
l-X^' where Pis the frequency of i-th allele [18] , EMR is the average number of polymorphic loci in a single analysis for a particular set of objects [19, 20] . Index) was calculated from the proposed formula:
DDI (Diversity Detecting
DD1=PIC*
Where " -is the number of markers (polymorphic loci) and noru is the number of examined objects (operational taxonomic units-OTU)
RESULTS
Assessment of genetic diversity in T. cordifolia
In case of ISSR. 15 primers have shown polymorphism and have generated 83 discernible DNA fragments with 58 being polymorphic. Each hand indicated as a single locus, minimum loci shown by a primer was 3 by ISSR primer 13 and 15. Primer 17 showed the maximum 10 bands.
However, in case of EST SSR, each primer denotes a specific loci and a single band specifies as an allele. Therefore, out of 20 primer pairs, 12 were found to be polymorphic i. e. 12 loci. These 12 loci generated 26 alleles ( (Table 4 ).
Effective Multiplex Ratio (EMR)
Since EST SSR markers are usually locus specific, the 12 markers analyzed are considered equal to 12 loci (as one locus per primer pair) in the present study. In case of ISSR marker, 15 markers yielded 58 polymorphic loci. EMR is the average number of polymorphic loci in a single analysis for a particular set of objects. In case of ISSR and EST SSR, the EMR were 3.86 and 2.16 respectively (Table 4 ).
Marker Index (Ml): ISSR had higher Ml values (1.18) than that of EST SSR (0.76) because of polymorphism in many loci (Table 4 ).
Diversity Detecting Indexes (DDI):
Diversity detecting indexes in our study were dd,'ssr -0,739 and DD1esr ssr =0,175 (Table 4 ). Figure 1 ).
Dendrogram of EST-SSR
The 24 genotypes were divided into two main groups A and B on the basis of Unweighted Pair-Group Method with Arithmetic averages (UPGMA) cluster analysis including 2 genotypes in cluster A and 22 genotypes in cluster B. The two genotypes of Bhopal were included in group A and remaining of the genotypes was in a separate group B. Further all genotypes of Sirsa, Rohtak and Udaipur separates out in sub cluster Blwith one jaipur genotype. Whereas, all the genotypes of Mahendragarh, Bikaner and Jaisalmer separated in to sub cluster B2 with two genotypes of Jaipur (Figure 1 ). f B. T. cordifolia is an important medicinal plant used in traditional Indian system of medicine, Ayurveda. Therefore, it is important to develop a species-specific marker system like EST-SSR along with ISSR. In the present study, we mined the publically available EST database of T. cordifolia for SSRs, designed primers to amplify a subset of these loci, and screened them to detect polymorphism for genetic diversity. The various researchers have studied the genetic diversity of the plant in different regions of India with the help of different molecular markers mainly by RAPD and a single study of ISSR. Rout [21] studied the genetic diversity of 15 individual clones of Tinospora cordifolia collected from the reserve forests of Orissa by using RAPD markers. Their results showed the low level of genetic diversity. Shinde and Dhalwal [22] used the RAPD technique for determination of different components present in an Ayurvedic herbal formulation Rasayana churna, T. cordifolia, T. Cerestris and £ officinalis as its constituents. Rana and his coworkers [23] studied the genetic diversity and morpho-physiological features among Tinospora populations of northwestern Himalayan region by RAPD and ISSR. T. cordifolia is dioecious in nature and primarily propagated through vegetative mode. This condition preludes genetic recombination and reshuffling of genes that is manifested in the form of genetic variation [23] . Here in the present investigation, we have studied the genetic diversity of 24 accessions of T. cordifolia, collected from 8 different ecological sites of 3 different climatic zones of northwest India by using two microsatellite based molecular markers i. e. ISSR & EST-SSR. To access the genetic diversity of T, cordifolia from different ecological zones in India, 20 primers/primer pairs were used, of which 12 (for EST-SSR) and 15 (for ISSR) showed polymorphism. For EST-SSR, two genotypes of Bhopal clustered separately in a single group-A (sub humid tropical zone). Further clustering indicates that genotypes of Udaipur, Sirsa and Rohtak (semi arid zone) sub clusters in to B1 while genotypes of Bikaner and jaisalmer separates out in a sub duster group-B2 (arid zone). Whereas for ISSR, all genotypes of Udaipur, two of Jaisalmer and one genotype of Bhopal comes out in a separate cluster and remaining 18 genotypes separates out in a large cluster. This is understandable as these accessions are located far apart, at different altitudes and belong to different climatic zones. ISSR results showed slightly more variation in clustering as compared to EST SSR, the possible explanation for this may be due to human intervention or other ecological variation, which makes partitioning and distribution of variability complex. There are studies, which also cited these kinds of reasons [24] . However, results of EST-SSR clearly showed that climatic conditions and physical parameters might affect the plant genome as the plant is adapted and these changes are inherited through next generation.
Also there are various studies that show that there are a relationship between genetic diversity and geographic distribution and also the climatic similarity has been observed in several species of aromatic plants such as Azadirachta indica [25] , Artemisia annua [26] , Tanacetum vulgare [27] , three Achillea species [28] and Achillea millefolium [29] , These studies also correlate with our study of EST SSR that climate in near place is generally same (with some limited variation), in term of genetical changes is one of the most important and effective agent on genetic information in different way (like mutation and natural selection). On the basis of particular marker types, 2 separate dendrograms were created for ISSR and EST SSR. Based on the similarity coefficient, two major groups were generated from all the accessions tested by UPGMA clustering analysis for each marker system. Genetic similarity calculations gave mean value of 0.84 (value ranges from 0.68 to 1.0) for ISSR and 0.66 (value ranges from 0.33 to 1.0) for EST SSR.
Since results shows significant value of genetic diversity with both the marker systems. For determining the overall utility of a given marker system and to detect the polymorphism, the MI was calculated for ISSR and EST SSR marker system. The average PIC, MI and the mean similarity coefficient analyses clearly indicated that the genetic diversity was considerably abundant In addition, in these types of studies, it is important to find out the number of marker loci and calculation of number of loci is required for elucidation of genetic relationship among accessions, hence, a DDI parameter could be helpful in preliminary estimation of necessary number of loci. Moreover, the results of EST-SSR marker system correlated with their geographical distribution while ISSR results showed some variations. Therefore, according to our results, EST-SSR proved to be more efficient than ISSR based on the UPGMA results as it directly correlates with the different accessions collected from the different climatic zones. The accessions from different climatic zones were placed in separate groups indicating the presence of genetic diversity in the plant i. e. plants from different climatic zone were more genetically diverse as compared to the plants from the same climatic zone.
CONCLUSION
T. cordifolia is an important medicinal plant used against various ailments. An attempt was made to develop a better approach to analyze the genetic diversity of 24 different genotypes of T. cordifolia collected from the Northwest region of India by using the two marker systems i. e. ISSR and EST-SSR. Our results have revealed the higher level of genetic diversity. Furthermore, the study can be used for more advance genetic analysis and molecular studies.
